This report documents the composition of clay mineral assemblages from six sites along the Kumano transect of the Nankai Trough subduction zone offshore south-central Japan. Coring was completed during Expeditions 315 and 316 of the Integrated Ocean Drilling Program, as part of Stage 1 of the Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE). A total of 702 samples of hemipelagic mud and mudstone were analyzed by X-ray diffraction, using oriented aggregates of the clay-size fraction (<2 µm). Smectite varies the most among the clay-size constituents, ranging in relative abundance from 6% to 66%. On average, the expandability of illite/smectite mixed-layer clay is equal to 65%, and there are no progressive changes in clay mineral diagenesis over the depths sampled. We recognize a temporal pattern in composition that is consistent with what has been documented elsewhere across the Nankai subduction margin. The detrital clays shifted gradually from a smectite-rich assemblage during the late Miocene to more illite-chlorite-rich assemblages during the Pliocene and Pleistocene. Most of the compositional differences between lithostratigraphic units can be attributed to differences in their depositional ages.
Introduction
The Nankai Trough subduction zone is the product of convergence between the Philippine Sea plate and the Eurasian plate (Fig. F1) . Many sites have been drilled and cored in this region over the past four decades, including those of Deep Sea Drilling Project (DSDP) Legs 31 and 87 (Karig, Ingle, et al., 1975; Kagami, Karig, Coulbourn, et al., 1986) and Ocean Drilling Program (ODP) Legs 131, 190, and 196 (Taira et al., 1992; Moore et al., 2001 Moore et al., , 2005 . Expeditions 314, 315, and 316 of the Integrated Ocean Drilling Program (IODP) focused on a new transect-the Kumano transect-during Stage 1 of the Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) (see the "Expedition 314 summary," "Expedition 315 summary," and "Expedition 316 summary" chapters [Tobin et al., 2009; Ashi et al., 2009; Screaton et al., 2009] ). Moore et al. (2009) have provided a summary of structural and tectono-stratigraphic framework for the six Stage 1 coring sites. The three principal domains are the Kumano forearc basin (Site C0002), the shallow megasplay fault (Sites C0001, C0004, and C0008), and the frontal fault of the accretionary prism (Sites C0006 and C0007) (Fig. F2) .
Previous investigations of clay minerals in the vicinity of the Nankai Trough and the Shikoku Basin demonstrated that the hemipelagic mud(stones) change in composition largely as function of depositional age (Cook et al., 1975; Chamley, 1980; Chamley et al., 1986; Fagel et al., 1992; Underwood et al., 1993a Underwood et al., , 1993b Steurer and Underwood, 2003; Underwood and Steurer, 2003) . Miocene strata throughout the region tend to contain higher percentages of smectite, whereas Pliocene and Pleistocene deposits are more enriched in illite and chlorite. Clay diagenesis (particularly the smectite-to-illite reaction) is accentuated along the Muroto transect, where proximity to the paleospreading center of the subducting Shikoku Basin is responsible for higher heat flow (Underwood and Pickering, 1996; Masuda et al., 1996 Masuda et al., , 2001 Steurer and Underwood, 2003; Spinelli and Underwood, 2005; Saffer et al., 2008) . To expand the documentation of clay composition into the Kumano transect area, we analyzed the clay mineral assemblages from 702 samples of hemipelagic mud and mudstone using X-ray diffraction (XRD). This report documents how the common clay minerals (smectite, illite, chlorite, and kaolinite) change in relative abundance as a function of depositional age, structural position, and lithostratigraphy. We also test whether or not smectite-to-illite diagenesis has progressed in a systematic pattern at shallow depths of accretionary prism.
Methods

Calculations of mineral abundance
Sediment samples can be analyzed by XRD in many ways. The presence of a specific detrital and/or authigenic mineral can be detected easily through visual recognition of characteristic peak positions. It is more problematic, however, to estimate the relative abundance of a mineral in bulk sediment or the claysize fraction with meaningful accuracy (e.g., Moore, 1968; Heath and Pisias, 1979; Johnson et al., 1985) . The most common semiquantitative approach for analyzing marine clays has been to apply the Biscaye (1965) weighting factors to the peak areas of basal reflections (McManus, 1991) . Errors in such data can be substantial, however, and accuracy changes significantly in response to the absolute abundance by weight of each mineral (Underwood et al., 2003) . XRD results are also affected by sample disaggregation technique, chemical pretreatments, particle size separation, crystallinity and chemical composition of minerals, peak-fitting algorithms, and the degree of preferred orientation of crystallites (e.g., Moore and Reynolds, 1989; Ottner et al., 2000) . Even though data reproducibility might be very good, accuracy is usually no better than ±10% unless the analytical methods include calibration with internal standards, use of single-line reference intensity ratios, and some fairly elaborate sample preparation steps (Środoń et al., 2001; Omotoso et al., 2006) . Figure F3 shows representative X-ray diffractograms for three clay-size aggregates from the Nankai Trough. To obtain semiquantitative estimates of mineral abundance in the clay-size fraction, we measured the peak areas and applied a matrix of singular value decomposition (SVD) normalization factors, as documented in full detail by Underwood et al. (2003) . We apply a matrix of weighting factors (Table  T1 ) to the integrated areas of a broad smectite (001) peak centered at ~5.3°2θ (d-value = 16.5 Å), the illite (001) peak at ~8.9°2θ (d-value = 9.9 Å), the chlorite (002) + kaolinite (001) peak at 12.5°2θ (d-value = 7 .06 Å), and the quartz (100) peak at 20.85°2θ (dvalue = 4.26 Å) . The average errors for standard mineral mixtures using this method are approximately 3% for smectite, 1% for illite, 2% for chlorite, and 1.4% for quartz (Underwood et al., 2003) . Because of interference between the kaolinite (001) and chlorite (002) reflections, we first calculate that relative abundance as undifferentiated chlorite + kaolinite and then solve for the proportion of each mineral using the overlapping double peak at ~25°2θ (Fig. F3) . The kaolinite (002) and chlorite (004) reflections are centered at ~ 24.8°2θ and ~25.1°2θ, respectively, and we follow a refined version of the Biscaye (1964) method, as documented fully by Guo and Underwood (2011) . Judging from the analysis of standard mineral mixtures, the average error for the chlorite/ kaolinite ratio is 2.6%. To provide an estimate of the abundance of individual clay minerals in the bulk mud(stone), we also multiply each relative percentage among the clay minerals (i.e., excluding quartz) by the abundance of total clay minerals as determined by shipboard bulk-powder XRD analyses of colocated "cluster" specimens (see, for example, the "Expedition 315 Site C0001" chapter [Expedition 315 Scientists, 2009a] ). To facilitate comparisons with the many other published data sets from the region, we report the weighted peak area percentages for smectite, illite, chlorite, and kaolinite using both SVD normalization factors and Biscaye (1965) weighting factors. It is important to stress here that these values are relative percentages, and they should regarded as semiquantitative.
As an indicator of clay diagenesis, we use the saddle/ peak method (Rettke, 1981) to calculate the percent expandability of smectite and illite/smectite (I/S) mixed-layer clay. This method is sensitive to the proportions of discrete illite (I) versus I/S mixed-layer clay. Our calculations follow a curve established for 1:1 mixtures of I and I/S.
Sample preparation
Isolation of clay-size fractions starts with air drying and gentle hand-crushing of the mud/mudstone with mortar and pestle, after which specimens are immersed in 3% H 2 O 2 for at least 24 h to digest organic matter. We then add ~250 mL of Na hexametaphosphate solution (concentration of 4 g/1000 mL distilled H 2 O) and insert the beakers into an ultrasonic bath for several minutes to promote disaggregation and deflocculation. This step (and additional soaking) is repeated until visual inspection indicates complete disaggregation. Washing consists of two passes through a centrifuge (8200 revolutions per minute [rpm] for 25 min; ~6000 g) with resuspension in distilled-deionized water after each pass. After transferring the suspended sediment to a 60 mL plastic bottle, each sample is resuspended by vigorous shaking and a 2 min application of a sonic cell probe. The clay-size splits (<2 µm equivalent settling diameter) are then separated by centrifugation (1000 rpm for 2.4 min; ~320 g). We prepare oriented clay aggregates using the filter-peel method (Moore and Reynolds, 1989) and 0.45 µm membranes. The clay aggregates are saturated with ethylene glycol vapor for at least 24 h prior to XRD analysis, using a closed vapor chamber heated to 60°C in an oven.
X-ray diffraction parameters
The XRD laboratory at the University of Missouri (USA) utilizes a Scintag Pad V X-ray diffractometer with CuKα radiation (1.54 Å) and Ni filter. Scans of oriented clay aggregates are run at 40 kV and 30 mA over a scanning range of 3° to 26.5°2θ, a rate of 1°2θ/min, and a step size of 0.01°2θ. Slits are 0.5 mm (divergence) and 0.2 mm (receiving). We process the digital data using MacDiff software (version 4.2.5) to establish a baseline of intensity, smooth counts, correct peak positions offset by misalignment of the detector (using the quartz (100) peak at 20.95°2θ; dvalue = 4.24 Å), and calculate integrated peak areas (total counts).
Results
Nearly all of the samples analyzed in this study were selected from colocated "clusters" immediately adjacent to the whole-round samples used for shipboard analyses of interstitial water chemistry and shore-based tests of frictional, geotechnical, and hydrogeological properties. Each "cluster" includes a specimen for shipboard bulk-powder XRD analysis. All of the values of XRD peak area for the clay-size fractions are tabulated in Table T2 . Table T3 lists the calculated values of mineral abundance (wt%) using both SVD normalization factors and Biscaye (1965) peak-area weighting factors. For smectite and illite, we also illustrate stratigraphic trends in the calculated values of mineral abundance in the bulk mud(stone). Brief descriptions of spatial and temporal variations in clay composition are organized below by tectonostratigraphic domain (Kumano forearc basin, shallow megasplay fault, and frontal thrust).
Kumano Basin, Site C0002
Shipboard scientists divided the stratigraphic column at Site C0002 (Kumano Basin) into four lithologic units (see the "Expedition 315 Site C0002" chapter [Expedition 315 Scientists, 2009b] ). Compositional variations among lithologic units are subtle (Fig. F4) . Unit I (upper forearc basin) consists of silty clay to clayey silt, sand and silt turbidites, and volcanic ash beds; the ages of these strata are younger thañ 1 Ma. The most abundant clay-size mineral is illite (38% average), followed by chlorite (22% average), smectite (22% average), quartz (13% average), and kaolinite (5% average) ( Table T4 ; Fig. F5 ). The dominant lithology of Unit II (lower forearc basin) is silty clay to clayey silt with comparatively fewer beds of sand, silty sand, silt, and volcanic ash; these strata range in age from ~1.6 to ~1 Ma. Illite (35% average) is still the dominant mineral in this unit, followed by smectite (25% average), chlorite (22% average), quartz (13% average), and kaolinite (5% average) ( Table T4 ; Fig. F5 ). Unit III (basal starved basin) is composed of silty claystone ranging in age from ~3.8 to ~1.6 Ma. Smectite (36% average) is the most abundant mineral, followed on average by illite (35%), chlorite (16%), quartz (9%), and kaolinite (4%) ( Table  T4 ; Fig. F5 ). The expandability of I/S mixed-layer clay minerals does not change significantly from the top of Unit I to base of Unit III (60% average), although we note an increase in the scatter of values within Unit I (standard deviation = 5%).
The boundary between Units III and IV at Site C0002 is an angular unconformity separating the accretionary prism below from overlying forearc-basin deposits (Fig. F4) . The corresponding hiatus lasted from ~5.0 to ~3.8 Ma. The primary lithology of Unit IV consists of silty claystone to clayey siltstone with sporadic interbeds of siltstone and sandstone. The maximum nannofossil age for this unit is 5.90 Ma. The dominant mineral in this unit is smectite (41% average; 60% maximum), followed in average relative abundance by illite (31%), chlorite (15%), quartz (6%), and kaolinite (5%) ( Table T4 ; Fig. F5 ). Standard deviations for these abundances increase below the unconformity, particularly for values of smectite (10%). This shift toward higher contents of smectite is consistent with the late Miocene age of the accretionary prism, as documented more thoroughly elsewhere (e.g., Underwood and Steurer, 2003) . The expandability of smectite also increases abruptly across the unconformity to an average value of 69% (Tables T2,  T4 ; Fig. F5 ).
Shallow megasplay fault, Sites C0001, C0004, and C0008
Site C0001 is positioned in the hanging wall of the megasplay fault (Fig. F2) , and the stratigraphy there consists of two units: a slope apron facies (Unit I) separated from the upper accretionary prism (Unit II) by a major angular unconformity (see the "Expedition 315 Site C0001" chapter [Expedition 315 Scientists, 2009a] ). The unconformity's hiatus lasted from 3.79 to ~2.06 Ma. The principal lithology of Unit I is silty clay to clayey silt with sparse interbeds of volcanic ash, silt, and fine sand (Fig. F6) . Illite (36% average) dominates the clay-size fraction in this unit, followed by smectite (31% average), chlorite (19% average), quartz (9% average), and kaolinite (5% average) ( Table T4 ; Fig. F7 ). Percentages of smectite gradually increase from the top to the base of Unit I, with a range of 17% to 47% of the clay-size fraction (Fig. F6) . These increases are balanced by steady decreases in quartz. Below the unconformity, accreted Pliocene and uppermost Miocene strata of Unit II consist of deformed silty claystone to clayey siltstone, rare volcanic ash, siltstone, and silty sandstone, with a maximum age of 5.32 Ma (see the "Expedition 315 Site C0001" chapter [Expedition 315 Scientists, 2009a] ). Illite remains the most abundant clay-size mineral below the unconformity (37% average), but there is a clear shift toward higher values (Fig. F6) . Average percentages for the other minerals within Unit II are smectite (36%), chlorite (15%), kaolinite (8%), and quartz (4%) ( Table T4 ; Fig. F7 ). Compared to Site C0002, this part of the accretionary prism is younger in age and contains lower percentages of smectite. There are no major differences in the expandability of I/S (63% average) at Site C0001, although expandability values are consistently lower in the top 50 m of the section (Tables T2, T4 ; Fig. F7 ).
Coring at Site C0004 successfully penetrated the megasplay fault near its updip intersection with the seafloor (Fig. F2) , and shipboard scientists subdivided that section into four lithologic units (Fig. F8) . The main lithology of Unit I (slope apron facies) is silty clay with a substantial component of calcareous nannofossils (as much as ~25%). Illite is the most abundant mineral within this unit (36% average), followed by average values of smectite (32%), chlorite (17%), kaolinite (6%), and quartz (7%) ( Table T4 ; Fig. F7) . The boundary between Units I and II is an unconformity, with a hiatus that lasted from ~2.0 tõ 1.6 Ma (see the "Expedition 316 Site C0004"
chapter [Expedition 316 Scientists, 2009a] Table T4 ; Fig. F7 ). Thus, mineralogy changes significantly across the unconformity, particularly with respect to percent smectite. The dominant lithology of Subunit IIB (accretionary prism) is silty clay. In this unit as well, the dominant mineral is illite (38% average) followed by smectite (28% average), chlorite (21% average), quartz (7% average), and kaolinite (6% average) ( Table T4 ; Fig. F7 ). Unit III is the fault-bounded package of uncertain stratigraphic origin. Its boundary with Unit II is marked by a time reversal from ~4.13 Ma above to ~2 Ma below (see the "Expedition 316 Site C0004" chapter [Expedition 316 Scientists, 2009a] ). Mudstones from below the fault contain more calcite, and there are ubiquitous beds of volcanic ash. Illite (36% average) and smectite (36% average) are the two most abundant clay minerals (Fig. F8) . The average content of chlorite is 18%; averages for kaolinite and quartz are 6% and 5%, respectively (Table T4 ; Fig. F7 ). This assemblage of clay minerals, with generally higher contents of smectite, is consistent with what has been documented elsewhere in the upper Shikoku Basin facies (Steurer and Underwood, 2003) . The main trace of the megasplay fault forms the lower boundary of Unit III, and the footwall (Unit IV) is interpreted to be a slope-apron facies with an age of 1.6 Ma. The dominant clay minerals in Unit IV are smectite (34% average) and illite (33% average), followed on average by chlorite (19%), quartz (9%), and kaolinite (4%) ( Table T4 ; Fig. F7 ). These relative percentages are similar to what we report for Unit I, although marginally higher in percent smectite.
Site C0008 is located just seaward of the shallow tip of the megasplay fault (Fig. F2) , and shipboard scientists divided that section into three units/subunits (see the "Expedition 316 Site C0008" chapter [Expedition 316 Scientists, 2009d] ). Subunit IA (slope-apron facies) consists of silty clay with a substantial concentrations of calcareous nannofossils, thin sand/silt turbidites, and volcanic ash. Illite (35% average) is the most abundant clay mineral. Other mineral contents are smectite (29% average), chlorite (20% average), quartz (10% average), and kaolinite (6% average) (Table T4; Fig. F7 ). Subunit IB (mass transport complex) includes a series of interbedded mud-clast gravels and silty clay beds with an age range of ~2.9 tõ 1.6 Ma. Illite (35% average) is the most abundant clay mineral in the silty clay beds, followed on average by smectite (30%), chlorite (20%), quartz (10%), and kaolinite (5%) ( Table T4 ; Fig. F7) . We analyzed carefully separated specimens of silty clay matrix and mudstone clasts from the conglomerates to test for differences in composition. Those tests show a significant increase in the abundance of smectite in the mudstone clasts relative to clay matrix and the background of bedded hemipelagic mudstone (Fig.  F9) . The clasts contain approximately 43% to 52% smectite. Beneath the mass transport deposits, Unit II is interpreted as accreted trench-wedge facies (Fig. F9) , but poor recovery within the sand-rich turbidites precluded our sampling and analysis of clay minerals.
Frontal thrust, Sites C0006 and C0007
The main goal of coring at Site C0006 was to cross the frontal thrust of the accretionary prism (Fig. F2) , but recovery was hampered by high concentrations of unlithified sand, particularly near the bottom of the hole. The primary lithology of Unit I (trench-slope transition) is silty clay (Fig. F10 ) with a maximum age of ~0.44 Ma (see the "Expedition 316 Site C0006" chapter [Expedition 316 Scientists, 2009b] ). The most abundant clay mineral in Unit I is illite (38% average), followed on average by smectite (25%), chlorite (24%), quartz (10%), and kaolinite (3%) ( Table T4 ; Fig. F11 ). Unit II (trench-wedge facies) displays an overall upward coarsening trend accentuated by progressive increases in silt and sand turbidites; the unit ranges from ~1.5 to ~0.44 Ma in age. Illite (35% average) is the dominant clay mineral within the accreted trench-wedge deposits, followed on average by smectite (27%), chlorite (26%), quartz (8%), and kaolinite (4%) ( Table T4 ; Fig. F11) . A gradual increase in smectite content is evident downsection within this unit, from a minimum of 15% to a maximum of 43% of the clay-size fraction (Fig. F10) . The boundary between Unit II and Unit III (upper Shikoku Basin facies) is an unconformity with a hiatus from ~2.87 to ~1.46 Ma (see the "Expedition 316 Site C0006" chapter [Expedition 316 Scientists, 2009b] ). Below the unconformity, the age of Unit III extends into the uppermost Miocene (5.32 Ma), and the lithology consists of silty claystone with abundant interbeds of volcanic tuff (Fig. F10) . The dominant clay mineral in this facies is smectite (37% average; 49% maximum), followed on average by illite (36%), chlorite (17%), kaolinite (6%), and quartz (5%) ( Table T4 ; Fig. F11 ). In addition to the unit's significantly higher abundance of smectite, the expandability of I/S shifts to modestly lower values (by ~3%) across the Unit II/III boundary.
After attempts failed to core across the frontal fault at Site C0006, Site C0007 was positioned closer to the trench (Fig. F2) . Unit I (trench-slope transition) is dominated by silty clay and thin, fine-grained turbidites (Fig. F12) , similar in age and composition to what was recovered at Site C0006 (see the "Expedition 316 Site C0007" chapter [Expedition 316 Scientists, 2009c] ). Consistent with our results from Site C0006, the most abundant clay mineral within this facies is illite (39% average), and the other average percentages are chlorite (25%), smectite (23%), quartz (10%), and kaolinite (2%) ( Table T4 ; Fig. F11) . One anomalous specimen within this unit contains unusually high amounts of smectite (66%). Unit II (accreted trench-wedge facies) displays an overall upward coarsening trend marked by progressive increases in silt, sand, and gravel turbidites (Fig. F12) . That unit's age ranges from ~1.46 to ~0.4 Ma. Similar to correlative deposits at Site C0006, illite is the most abundant clay-size mineral (35% average), followed on average by smectite (25%), chlorite (25%), quartz (9%), and kaolinite (3%) ( Table T4 ; Fig. F11) . The boundary between Units II and III is an unconformity, with a hiatus that lasted from 3.65 to 2.06 or 1.46 Ma (see the "Expedition 316 Site C0007" chapter [Expedition 316 Scientists, 2009c] ). Unit III (upper Shikoku Basin facies) consists of silty claystone with abundant interbeds of volcanic ash layers, including one calcite-cemented tuff. Below the boundary, Pliocene to uppermost Miocene mudstone reaches a maximum age of 5.32 Ma and possesses a total-clay-mineral content substantially higher than overlying Unit II, averaging 65% of the bulk sediment (see the "Expedition 316 Site C0007" chapter [Expedition 316 Scientists, 2009c] ). Smectite increases to the most abundant clay mineral (39% average). Average percentages for the other minerals are illite (36%), chlorite (16%), quartz (6%), and kaolinite (3%) ( Table T4 ; Fig. F11 ). The expandability of I/S decreases by ~3% across the boundary between accreted trench-wedge facies and upper Shikoku Basin facies (Tables T2, T4 ; Fig. F12 ). Once again, this mineral assemblage is consistent with what has been documented for the upper Shikoku Basin facies elsewhere in the Nankai Trough (Steurer and Underwood, 2003) . Coring demonstrated that the age reverses to 3.65 Ma below the frontal thrust, but recovery of sandy material from Unit IV was not high enough to permit sampling for clay mineralogy. Smectite (001) Chlorite (001) Illite (001) Chlorite (002) Kaolinite (001) Illite (002) Chlorite (003) Quartz (100) Kaolinite (002) Chlorite (004) Smectite (003) Smectite (002) Smectite (001) Chlorite (001) Illite (001) Chlorite (002) Kaolinite (001) Illite (002) Chlorite (003) Quartz (100) Kaolinite (002) Chlorite (004) Smectite (001) Chlorite (001) Illite (001) Chlorite (002) Kaolinite (001) Illite (002) Chlorite (003) Quartz (100) Kaolinite (002) Chlorite (004) 315 Figure F5 . Maximum, minimum, and average values of relative mineral abundances (wt%) for lithologic units at Site C0002 (Kumano Basin). Solid symbols represent the average, and bars extend from minimum to maximum values. I/S = illite/smectite. Site C0002 Figure F6 . Lithostratigraphy of Site C0001 with relative abundances (wt%) of smectite, illite, chlorite, kaolinite, and quartz in clay-size fractions of mud(stone). Calculations were made using singular value decomposition (SVD) normalization factors. Also shown are values of expandability (%) of illite/smectite (I/S) mixed-layer clays. Figure F8 . Lithostratigraphy of Site C0004 with relative abundances (wt%) of smectite, illite, chlorite, kaolinite, and quartz in clay-size fractions of mud(stone). Calculations were made using singular value decomposition (SVD) normalization factors. Also shown are values of expandability (%) of illite/smectite (I/S) mixed-layer clays. Clay-size fraction (wt%) Figure F10 . Lithostratigraphy of Site C0006 with relative abundances (wt%) of smectite, illite, chlorite, kaolinite, and quartz in clay-size fractions of mud(stone). Calculations were made using singular value decomposition (SVD) normalization factors. Also shown are values of expandability (%) of illite/smectite (I/S) mixed-layer clays.
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